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TWO-AXIS THRUST VECTORING NOZZLE 

FIELD OF THE INVENTION 
[0001] The present invention relates generally to thrust vectoring 
5 nozzles, and more particularly to a thrust vectoring nozzle including a two-axis 
gimbal joint and bendable duct. 

BACKGROUND OF THE INVENTION 
[0002] Tactical missiles may include engines with steerable or movably 
10 adjustable nozzles. Moving the nozzle changes the vector of the thrust generated 
by the engine. This thrust vector control (TVC) improves the maneuverability and 
control of the missile or other aircraft on which the nozzle is used. 

SUMMARY OF THE INVENTION 

15 [0003] In a preferred embodiment, a jet engine generally includes a 

nozzle rim and a bendable duct for communicating an exhaust flow generated by 
the engine to the nozzle rim. A gimbal joint pivotably couples the nozzle rim to 
supporting structure. The gimbal joint allows the nozzle rim to be pivoted about a 
first axis and a second axis, thereby allowing changes to the vector at which the 

20 exhaust flow is discharged from the nozzle rim. 

[0004] In another preferred embodiment, a nozzle for a jet engine 
generally includes a nozzle rim and a bendable duct for communicating an 
exhaust flow generated by the engine to the nozzle rim. At least one gimbal ring 
is pivotably coupled to supporting structure and to the nozzle rim. The gimbal ring 

25 allows the nozzle rim to be pivoted about a first axis and a second axis, thereby 
allowing changes to the vector at which the exhaust flow is discharged from the 
nozzle rim. 

[0005] In another preferred implementation, a method of operating a jet 
engine generally includes using the jet engine to generate an exhaust flow; 
30 communicating the exhaust flow through a bendable duct to a nozzle rim 
pivotably coupled to supporting structure with a two-axis gimbal joint; discharging 
the exhaust flow from the nozzle rim; and controllably pivoting the nozzle rim to 
change a vector at which the exhaust flow is discharged from the nozzle rim. 
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[0006] In another preferred implementation, a method of providing a jet 
engine with a thrust vectoring nozzle generally includes pivotably coupling a 
nozzle rim to supporting structure with a two-axis gimbal joint; and coupling a 
bendable duct to the nozzle rim and the jet engine for communicating an exhaust 
5 flow generated by the engine to the nozzle rim. 

[0007] The features, functions, and advantages can be achieved 
independently in various embodiments of the present inventions or may be 
combined in yet other embodiments. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0008] The present invention will become more fully understood from 
the detailed description and the accompanying drawings, wherein: 

[0009] FIG. 1A is a cross-sectional view of a two-axis thrust vectoring 
15 nozzle according to one embodiment of the invention; 

[0010] FIG. 1B is a cross-sectional view of the two-axis thrust vectoring 
nozzle shown in FIG. 1 A after the nozzle has been pivoted or vectored upwards; 
[001 1] FIG. 2 is a perspective view of the nozzle shown in FIG. 1A; 
[0012] FIG. 3 is a front elevation view of the nozzle shown in FIG. 1A; 
20 [0013] FIG. 4 is a side elevation view of a two-axis thrust vectoring 

nozzle according to another embodiment of the invention; 

[0014] FIG. 5 is a perspective view of the nozzle rim shown in FIG. 4; 

and 

[0015] FIG. 6 is a cross-sectional view of a two-axis thrust vectoring 
25 nozzle according to another embodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0016] The following description of the preferred embodiments is 
merely exemplary in nature and is in no way intended to limit the invention, its 
30 application, or uses. 

[0017] An exemplary jet engine embodying several aspects of the 
invention is illustrated in FIGS. 1A and 1B and is indicated generally by reference 
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character 100. As shown, the engine 100 includes a tailpipe 104 and a thrust 
vectoring nozzle 108 in communication with the tailpipe 104. 

[0018] In the illustrated embodiment, the nozzle 108 includes a nozzle 
rim 112 which defines an outlet 116. The nozzle 108 also includes a bendable 
5 duct 120 in communication with the tailpipe 104 and the nozzle rim 112. During 
operation, the engine 100 generates an exhaust flow which is delivered through 
the tailpipe 104 to the bendable duct 120. The bendable duct 120 delivers the 
exhaust flow to the nozzle rim 112. Thrust is then generated as the exhaust flow 
is discharged through the outlet 116 defined by the nozzle rim 112, which can be 

10 controllably pivoted to change the vector of the thrust. 

[0019] In FIG. 3, the outlet 116 defined by the nozzle rim 112 includes 
a generally circular cross-sectional shape. Alternatively, other cross-sectional 
shapes are possible for the outlet 116 depending at least in part on the particular 
application in which the thrust vectoring nozzle will be used. 

15 [0020] The nozzle rim 112 is pivotably supported by a gimbal joint. The 

gimbal joint allow the nozzle rim 112 to be pivoted about two axes 152 and 156, 
which are preferably perpendicular to one another. Pivoting the nozzle rim 112 
about either or both axes 152 and 156 changes the vector at which the exhaust 
flow is discharged from the nozzle rim 112. 

20 [0021] With further reference to FIG. 1A, the gimbal joint includes a 

gimbal ring 128 pivotably coupled at points 133 to a support 136. The support 
136 is attached to a structural member 140, which, in turn, is attached to a flange 
144. This mounting configuration accommodates transfer of loads to the flange 
144 from the gimbal ring 128 (and the nozzle rim 112 supported by the gimbal 

25 ring 128). Accordingly, thrust forces generated by exhaust flow through the outlet 
116 can be transferred from the nozzle rim 112 to the flange 144 via the gimbal 
ring 128, support 136, and structural member 140. 

[0022] In FIGS. 1 through 3, at least a portion 132 of the nozzle rim 1 12 
is pivotably coupled to the gimbal ring 128 at points 129. This allows the nozzle 

30 rim 112 to be pivoted relative to the gimbal ring 128 about the axis 152. 

[0023] Alternatively, other suitable systems and methods can be 
employed to the pivotably couple a nozzle rim to a gimbal ring. For example, 
FIGS. 4 and 5 illustrate an embodiment in which flanges 336 defined by a nozzle 
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rim 312 are pivotably coupled to a gimbal ring 328. In other embodiments, one or 
more separate components can be used to pivotably couple a nozzle rim to a 
gimbal ring. For example, FIG. 6 illustrates an embodiment in which an inner 
gimbal ring 434 is used to pivotably couple a nozzle rim 412 to an outer gimbal 
5 ring 428. 

[0024] Referring back to FIG. 1A, the bendable duct 120 is received 

within the nozzle rim 112 such that an end of the duct 120 is seated within an 
internal seat or shoulder 122 defined within the nozzle rim 112. In a preferred 
embodiment, the end of the duct 120 is welded to the internal shoulder 122 within 
10 the nozzle rim 112, although other suitable fastening methods can also be 
employed. 

[0025] The bendable duct 120 can be formed from a wide range of 
materials, including nickel alloys, copper, aluminum, flexible ceramics, rubber, 
plastic, etc. Preferably, the duct is formed from one or more materials that are 

15 sufficiently flexible to allow the duct to accept a degree of strain repeatedly 
without significant loss of strength due to bending and fatigue from repeated 
bending. The duct material should be strong enough to contain the gas pressure 
without incurring significant deformation. 

[0026] The particular material(s) used for the duct will depend in large 

20 part on the specific operating temperatures and pressures of the exhaust gases 
that will be flowing through the duct. For example, the relatively high 
temperatures associated with rocket exhaust gases would require a duct formed 
of a material capable of retaining its strength at such high temperatures. 

[0027] By way of example only, a preferred embodiment includes the 

25 bendable duct 120 being formed of a generally flexible nickel alloy. Nickel alloy 
materials have good strength properties at typical gas turbine exhaust 
temperatures, such as about 1800 degrees Fahrenheit. In other applications in 
which the exhaust gases are at relatively low temperatures, embodiments can 
include ducts formed of copper and/or aluminum. Yet other embodiments can 

30 include ducts formed of rubber or plastic materials which are suitable for 
applications in which the exhaust gases are at low pressures and at low 
temperatures (e.g., at room temperature of about 70°F (21 °C)). 
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[0028] To increase flexibility and/or to reduce the amount of strain 
imparted to the duct for a given amount of bending, the bendable duct 120, or at 
least a portion thereof, can be convoluted. When used in conjunction with the 
nozzle rim 112, the bendable duct or bellows 120 enables the nozzle 108 to have 
5 a wide range of motion with a relatively low torque requirement. 

[0029] In those embodiments in which the duct is convoluted, a liner 
can be positioned within the duct so as to define a generally smooth inner surface 
along the length of the substantially entirety of the duct, or at least a portion of the 
duct length. Accordingly, exhaust flow contacts the smooth liner surface instead 
10 of the convoluted duct surface. This, in turn, will eliminate, or at least reduce, the 
potential adverse influences and effects that the convoluted surface might 
otherwise have on the exhaust flow, such as increased friction, increased 
acoustic noise, and/or introduction of pressure loss due to flow separation at the 
convolutes. 

15 [0030] The liner is preferably flexible but does not need to be 

particularly strong in those applications in which the convoluted duct provides the 
necessary strength. To increase the liner's flexibility, the lining can be formed 
from a plurality of segmented petals sized to be slidably movable within the 
convoluted duct as the duct is bent or flexed. For example, each liner segment 

20 can be sized to about one-fourth (1/4) or less of the circumference of the duct. 

[0031] FIGS. 1 through 3 also illustrate an exemplary actuation system 
which can be used to controllably pivot the nozzle 108. As shown, the actuation 
system includes a pair of nozzle actuators 164 (only one of which is visible in 
FIG. 1A). Both actuators 164 are responsive to a controller 168. The actuators 

25 164 are preferably oriented generally orthogonally relative to each other to allow 
pivoting of the nozzle rim 112 about either or both the first and/or second axes 
152 and 156. 

[0032] Each of the two actuators 1 64 is operatively engaged with and 
drives a corresponding yoke plate. As shown in FIG. 3, a first actuator yoke plate 
30 172 enables pivoting of the nozzle rim 112 about the first axis 152. A second 
actuator yoke plate 172* enables pivoting of the nozzle rim 112 about the second 
axis 156. 
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[0033] Each yoke plate 172, 172' has an end 176, 176' pivotably 
coupled to supporting structure of the engine 100 or mobile platform, for example, 
by an anchor or pivot pin 180, 180'. The opposite end 184, 184' of each yoke 
plate 176, 176* defines gear teeth engaged with a corresponding actuator gear 
5 188, 188\ 

[0034] Each actuator gear 188, 188' is coupled to a corresponding 
gearbox 192 (FIG. 1A) (the gearbox coupled to actuator gear 188' is hidden from 
view). Each actuator gearbox 192 is coupled to a motor contained within a 
housing 196, which, in turn, is coupled to supporting structure of the engine 100 

10 or mobile platform. 

[0035] Each yoke plate 172, 172' has an elongated central opening or 
slot 200, 200' defined by a pair of arms 204, 204* extend about the nozzle rim 
112. The arms 204, 204' include bearing surfaces for transmitting lateral forces to 
the nozzle rim 112 while permitting sliding contact with the nozzle rim 112. 

15 [0036] FIGS. 4 and 5 illustrate an alternative embodiment of an engine 

300 including a thrust vectoring nozzle 308. As shown, the nozzle 308 includes a 
nozzle rim 312 having an end portion which defines a pair of opposed curved 
flanges or wings 336. The flanges 336 extend generally rearwardly from the 
nozzle rim 312. 

20 [0037] Each flange 336 defines at least one opening 338. As shown in 

FIG. 4, the openings 338 are used to pivotably couple the nozzle rim 312 to the 
gimbal ring 328 at points 329. This allows the nozzle rim 312 to be pivoted 
relative to the gimbal ring 328. The gimbal ring 328, in turn, is pivotably coupled 
to supporting structure which allows the outer gimbal ring 328 to be pivoted 

25 relative to the supporting structure. 

[0038] The flexible duct or bellows 320 is positioned such that its end is 
seated within an internal seat or shoulder 322 defined within the nozzle rim 312. 
In a preferred embodiment, the end of the duct 320 is welded to the internal 
shoulder 322 within the nozzle rim 312, although other suitable fastening 

30 methods can also be employed. 

[0039] The flanges 336 are preferably integrally formed with the nozzle 
rim 312 as a single component, as shown in FIG. 5. By way of example, the 
nozzle rim 312 and flanges 336 can be monolithically formed in a casting process 
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in which the nozzle rim 312 and flanges 336 are cast as a single component, 
although other suitable manufacturing processes can also be employed. 
Alternatively, the flanges can be defined by one or more separate components 
which are engaged (e.g., bonded, welded, etc.) to the nozzle rim. 
5 [0040] FIG. 6 illustrates an alternative embodiment of an engine 400 

including a thrust vectoring nozzle 408. As shown, the nozzle 408 includes a 
nozzle rim 412 attached (e.g., welded, bonded, etc.) to an inner gimbal ring 434. 
In other embodiments, however, the inner gimbal ring 434 can be integrally 
formed with the nozzle rim 412 as a single component, such as by casting or 

10 other suitable manufacturing process. 

[0041] The inner gimbal ring 434 is pivotably coupled to an outer 
gimbal ring 428. This allows the inner gimbal ring 434 and nozzle rim 412 
supported thereby to be pivoted relative to the outer gimbal ring 428. The outer 
gimbal ring 428 is pivotably coupled to supporting structure which allows the 

15 outer gimbal ring 428 to be pivoted relative to the supporting structure. 

[0042] In various embodiments, the nozzle rim and flexible duct/bellows 
can have a monolithic construction and be integrally formed as a single 
component. In which case, the monolithic nozzle rim and bellows preferably 
define generally smooth interior sidewalls (i.e., not convoluted) at the exhaust exit 

20 or outlet so as to facilitate flow uniformity and provide good nozzle thrust 
efficiency. By way of example, the exit area (i.e., flow area at the rim) is 
preferably slightly less than the duct area to avoid pressure loss that can occur 
with high-speed flow in ducts. For example, the exit area can be sized so that it is 
no greater than about two-thirds (2/3) the duct area. 

25 [0043] FIGS. 1 through 6 illustrate various embodiments which include 

convergent nozzle rims suitable for use with relatively low nozzle pressure ratios 
(e.g., between about two to threes time atmospheric pressure), which are, for 
example, typically encountered with cruise missile engines. Alternatively, 
however, other embodiments include convergent-divergent nozzle rims that are 

30 suitable for use with higher nozzle pressure ratios. In which case, the divergent 
portion causes supersonic flow acceleration and improves nozzle efficiency at the 
higher nozzle pressure ratios. 
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[0044] In another implementation, a method of operating a jet engine, 
generally includes using the jet engine to generate an exhaust flow; 
communicating the exhaust flow through a bendable duct to a nozzle rim 
pivotably coupled to supporting structure with a two-axis gimbal joint; discharging 
5 the exhaust flow from the nozzle rim; and controllably pivoting the nozzle rim to 
change a vector at which the exhaust flow is discharged from the nozzle rim. 

[0045] In another implementation, a method of providing a jet engine 
with a thrust vectoring nozzle generally includes pivotably coupling a nozzle rim 
to supporting structure with a two-axis gimbal joint; and coupling a bendable duct 
10 to the nozzle rim and the jet engine for communicating an exhaust flow generated 
by the engine to the nozzle rim. 

[0046] Accordingly, various embodiments of the invention provide the 
benefits of relatively high thrust and nozzle efficiencies over a wide range of 
vector angles and nozzle pressure ratios. Further, various embodiments are 
15 relatively compact and can be implemented to provide more effective weapon 
systems through increased range and maneuverability, for example, in size-limited 
missile applications. 

[0047] The invention is applicable to a wide range of jet engines (e.g., 
but not limited to gas turbine engines, turbofan engines, turbojet engines, rocket 
20 engines, etc.) Accordingly, the specific references to jet engine herein should not 
be construed as limiting the scope of the present invention to only one specific 
form/type of engine. 

[0048] The invention is also applicable to a wide range of mobile 
platforms (e.g., but not limited to, missiles, aircraft, rockets, reusable launch 
25 vehicles, among other vehicles or mobile platforms having a thrust generator 
where thrust vectoring is desired). Accordingly, the scope of the present invention 
should not be limited to any particular form/type of mobile platform. 

[0049] While various preferred embodiments have been described, 
those skilled in the art will recognize modifications or variations which might be 
30 made without departing from the inventive concept. The examples illustrate the 
invention and are not intended to limit it. Therefore, the description and claims 
should be interpreted liberally with only such limitation as is necessary in view of 
the pertinent prior art. 
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